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Potential mechanisms underlying the toxic effects of alcohol on the myocardium include impaired mitochondrial oxidative function, altered myofilament protein synthesis, alterations in cytosolic calcium levels, oxidative stress, and apoptosis [4, 7, 10] . As proposed by Piano, the potential pathological mechanisms underlying development of an alcohol-induced cardiomyopathy are complex and require long-standing alcohol abuse ( Figure 4 ) [4] .
Urbano-Marquez et al., found a linear correlation between total lifetime ethanol consumption and left ventricular ejection fraction in 52 alcoholic subjects [11] . Laonigro et al., recently suggested that greater than 90 g (eight drinks) per day for over five years is necessary to cause alcoholinduced cardiomyopathy [7] . Another report suggested 7 kg per kilogram body weight alcohol lifetime total was sufficient to cause alcohol-induced cardiomyopathy; in other words, approximately 7000 bottles of wine consumed by a 70 kg person [11] . In comparison, moderation, as defined by the 1995 Report to the Dietary Guidelines Committee on the Dietary Guidelines for Americans, is one drink per day for women and two drinks per day for men [12] .
A drink is defined as 12 ounces of beer, 5 ounces of wine, or 1.5 ounces of 80 proof distilled spirits.
Francis et al., followed 11 patients with alcoholic cardiomyopathy over seven years and found with abstention and medical therapy, ejection fractions significantly improved, in some cases to normal levels, within one to two years [13] . More recently Nicolas et al., found in 55 alcoholics with cardiomyopathy that abstention or a significant reduction in daily ethanol intake resulted in improvements in left ventricular ejection fraction compared to those that continued to drink greater than 80 g of ethanol per day, who had a further decrease in left ventricular function [14] .
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The majority of alcoholics (90 to 95%) experience mild abnormalities in myocardial contractile function, defined in 1980 by the World Health Organization and the International Society and Federation of Cardiology, as 'alcoholic heart muscle disease' [15] . Hearts from these alcoholics demonstrate mild left ventricular hypertrophy and mild systolic contractile dysfunction [16, 17] .
Data suggest diastolic dysfunction appears prior to the systolic contractile dysfunction [16] .
These patients, for the most part are asymptomatic, but often have resistant hypertension.
Arrhythmias can occur, including atrial fibrillation with acute intoxication (holiday heart) and malignant ventricular arrhythmias with withdrawal [18] .
The clinical characteristics of alcohol-induced cardiomyopathy are similar to other dilated cardiomyopathies. Currently, there are no diagnostic tests to differentiate alcohol-induced from other forms of dilated cardiomyopathies. There are no specific guidelines regarding the treatment of alcohol-induced cardiomyopathy. Generally recommended are angiotensinconverting enzyme inhibitors or angiotensin receptor blockers, beta-blockers, diuretics and digoxin for symptoms. Also recommended is correcting nutritional deficiencies and electrolyte abnormalities, and of course, abstinence.
The echocardiographic features of alcohol-induced cardiomyopathy are similar in men and women. However, women report lower daily alcohol consumption and a shorter duration of alcohol abuse, with a lifetime alcohol dose approximately 40% lower than men [11] . Women have a significantly higher maximum blood alcohol concentration than men when they consume a comparable amount of alcohol. This is due to several factors. First, body composition of women differs from men. Men have a larger proportion of body water than women into which the alcohol can distribute. Women have a larger proportion of body fat (33% compared to 12% 6 in men), into which alcohol distributes slowly from the blood. Additionally, women have less alcohol degrading liver enzymes, alcohol and aldehyde dehydrogenases, than men.
In summary, although moderate alcohol consumption may be associated with beneficial effects against cardiovascular disease [19] , alcohol abuse can result in dilated cardiomyopathy.
'Alcohol heart muscle disease' manifests as asymptomatic systolic and diastolic ventricular dysfunction in the majority of alcoholics. However, a minority experience symptomatic congestive heart failure symptoms. Diagnosis is one of exclusion, but occurs in the setting of excessive and long-standing alcohol abuse.
Cobalt Associated Alcohol-Induced Cardiomyopathy 'Quebec beer drinkers' cardiomyopathy' appeared as an epidemic among heavy beer drinkers in Canada in the mid-1960's [6] . The cardiomyopathy resembled typical dilated cardiomyopathy, except for purplish skin coloration and a high early mortality rate (42%). It was associated with development of a large pericardial effusion and low output heart failure. Quebec beer drinkers' cardiomyopathy disappeared when Canadian brewers discontinued their new practice of adding minute quantities of cobalt to beer to stabilize the foam head.
Cocaine Cardiomyopathy
Cocaine is associated with multiple cardiovascular complications including chest pain, myocardial ischemia/infarction, arrhythmias, aortic dissection, and stroke [20] . Felker et al., 7 reported cocaine use as a rare cause of cardiomyopathy, with 10 cases found among 1278 cases of dilated cardiomyopathy at Johns Hopkins Hospital [21] .
Cocaine blocks reuptake of dopamine and neuroepinephrine at the post synaptic receptor, resulting in increased sympathetic activation ( Figure 2 ). The mechanisms underlying cocaine cardiomyopathy are not fully understood, but are thought to include sympathomimetic effects, increased calcium flux, enhanced oxidative stress, and promotion of intra-coronary thrombus formation [5] .
The clinical characteristics of cocaine cardiomyopathy are similar to other forms of dilated cardiomyopathy. Cocaine cardiomyopathy should strongly be considered in young (less than 50 years of age) males presenting with signs of adrenergic excess and heart failure or left ventricular dysfunction. Cocaine cardiomyopathy presents suddenly without a long prodrome. The electrocardiogram tends to show sinus tachycardia with frequent arrhythmias, including atrial fibrillation and ventricular tachycardia [20] . Echocardiogram demonstrates increased left ventricular mass and dysfunction. Urine testing for cocaine and its metabolite, benzoylecgonine, should be performed.
The management of cocaine cardiomyopathy is similar to other forms of dilated cardiomyopathy, except beta-blockers should be avoided initially, and benzodiazepine should be given to blunt adrenergic excess. Beta-blockers can be added later in the compliant patient who follows up and abstains. Left ventricular function can improve dramatically with abstinence from cocaine, like alcohol. Unfortunately, the rate of recidivism is high and left ventricular dysfunction and symptomatic heart failure often recurs. Abstinence and standard dilated cardiomyopathy therapy lead to functional improvement.
Ma Huang (Ephedra)-Induced Cardiomyopathy
The dietary supplement ephedra, also known as ma huang, contains two alkaloids, ephedrine and its enantiomer, pseudoephedrine. Ma Huang has been associated with stroke, myocardial infarction, sudden death, and cardiomyopathy [29, 30] . Samenuk et al., found at autopsy in seven ma huang-related cases of sudden death, three cardiomyopathies (ages 23 to 37 years old)
[29]. Ma huang increases catecholamines at synaptic areas in the brain and heart and directly Although a pacemaker was implanted, she died from low output syndrome on the sixteenth day of hospitalization.
Chloroquine and derivates (e.g., hydroxychloroquine) treat rheumatoid arthritis, sarcoidosis, systemic lupus erythematous, and malaria,. Cardiotoxic effects include conduction disturbances such as bundle branch blocks and complete heart block, and biventricular hypertrophy with restrictive cardiomyopathy, several of which were found in the aforementioned case [43]. Methylphenidate alters myocardial ultra-structure in rats [50] .
Conclusions
The heart is a target of injury for many chemical compounds, both medically prescribed and not.
Pathophysiological mechanisms underlying development of chemical-induced cardiomyopathies vary depending on the inciting agent. Alcohol abuse can have direct toxic effects on myocyte structure and function. Cocaine, amphetamines and substituted amphetamines (e.g., ecstasy and ma huang) cause pathological increases in sympathetic activation. Anthracyclines produce myocyte oxidative stress. Whether prescribed or not, discussions with patients regarding the potential risk of cardiomyopathy are necessary. In the rare event that a patient is experiencing a chemical-induced cardiomyopathy, early recognition of signs and symptoms may reverse myocardial damage and save lives. 
